ABSTRACT. The aim of this study was to describe the prevalence of human papillomavirus (HPV), the distribution of different HPV types, and the putative risk factors for infection among HPV-positive women from the State of Alagoas, Northeast Brazil. We analyzed data from 515 patients attending public and private health centers. HPV DNA from cervical samples was extracted and HPV genotyping was performed by polymerase chain reaction using MY09/11 consensus primers followed by direct sequencing. The chi-squared test for independence was used to assess statistical differences between the HPV groups. HPV DNA was found in 111 (21.55%) cervical samples. Twenty genotypes were detected: HPV6, 11, 16, 31, 33, 35, 39, 52, 53, 54, 58, 61, 62, 66, 70, 72, 81, 82, 83, and 84. In addition, multiple sexual partners (P = 0.002) and the use of oral contraceptives (P = 0.015) were associated with the presence of HPV. These findings may be relevant to the design of screening and vaccination strategies targeting specific groups of women in Northeast Brazil.
INTRODUCTION
Cervical cancer is the third most common cause of female cancer worldwide (WHO, 2015) . The most important etiological factor for cervical cancer is persistent infection by the human papillomavirus (HPV) (zur Hausen, 1996 (zur Hausen, , 2002 . HPV belongs to the Papillomaviridae family, which comprises 29 genera of 189 papillomaviruses (PVs), of which 120 are human PVs (Bernard et al., 2010) . Fifteen of these HPV types are considered high-risk (HR) HPV (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73, and 82) (zur Hausen, 2002) . Among these, HPV16 and HPV18 are responsible for 70% of invasive cervical cancer cases worldwide. Moreover, genotypes 31, 33, 35, 45, 52 , and 58 are involved in 18% of squamous cell carcinoma cases. Although HR HPV prevalence suggests that HPV genotypes 16, 18, 31, 33, and 45 are the five most frequent types involved in cervical cancer, there is evidence of geographical heterogeneity in the extent of HPV genotype distribution, as well as the degree of cervical lesions (de Sanjose et al., 2010) .
Despite the large number of women infected with HPV, few develop cervical cancer (Woodman et al., 2007) . Hence, apart from HPV infection, other factors such as the individual's lifestyle seem to have an impact on the disease (de Freitas et al., 2012) . Moreover, certain aspects of sexual behavior, such as multiple sexual partners, are associated with cervical cancer progression (Finan et al., 2002; Au 2004) . Some studies have also shown a link between oral contraceptive use and persistent HPV infection (Efird et al., 2011; Ghanem et al., 2011) . Women infected by multiple HPV types can be more susceptible to cervical cancer (Baldez da Silva et al., 2009; Soto-De Leon et al., 2011) . Furthermore, co-infection with other multiple HPV types is associated with cervical lesions (de Freitas et al., 2012; Chagas et al., 2015) . However, despite the prevalence of HPV infection and its potential impact on health, there is a paucity of data on the risk factors related to cervical lesions/cervical cancer among women living in Northeast Brazil (Baldez da Silva et al., 2009; Chagas et al., 2015) . Therefore, the aim of this study was to describe the prevalence of HPV, the distribution of different HPV types, and the putative risk factors for infection among HPV-positive women residing in the State of Alagoas, Northeast Brazil.
MATERIAL AND METHODS

Population
Cervical smear samples were obtained between February and July 2010 from private and public cytology and colposcopy services located in Maceió, Alagoas, Brazil. The public health centers furnished 339 samples, and 176 came from private clinics. A total of 515 randomly selected sexually active women signed medical ethics consent forms and were included in the study. They all received clear information on the research objectives and completed a questionnaire with socio-demographic and lifestyle questions about putative risk factors for HPV infection [use of oral contraceptives, previous sexually transmitted diseases (STD), number of sexual partners, and nulliparous status]. The study was approved by the Ethics Committee of the Federal University of Alagoas (RG. 004650/2010-55).
Cytology and colposcopy assessment
Cervical samples were collected using an Ayre's spatula and an endocervical brush (cytobrush) for cytology (Papanicolaou smear). Two samples for each patient were collected: one fixed with aerosol spray for cytological smears (alcohol and polyethylene glycol) and the other collected using a Digene female swab specimen collection kit (Digene Corporation, Gaithersburg, MD, USA). Cytological evaluations were carried out by a trained pathologist at the Federal University of Alagoas in accordance with Bethesda 2001 Classification System guidelines (Solomon et al., 2002) . All abnormal cervical samples were re-examined for confirmation of the results. Cytological findings were categorized into three groups: 1) normal cytology [all cervical samples without intraepithelial lesions, inflammation, or atypical squamous cells of undetermined significance (ASCUS)]; 2) abnormal cytology [patients with low squamous intraepithelial lesions (LSILs), high squamous intraepithelial lesions (HSILs), or ASCUS]; and 3) negative for intraepithelial lesions (patients with cervical inflammation).
Gynecologists conducted the colposcopy evaluations. These analyses were carried out using 3% acetic acid and iodine. The presence of acetowhite and iodine-negative areas were considered abnormal colposcopy results.
DNA extraction and HPV detection
Exfoliated cervical cells were collected using a Digene female swab specimen collection kit (Digene Corporation) and subsequently sent to the Laboratory of Forensic Genetics at the Federal University of Alagoas. After collection, samples were kept at 4°C until the whole procedure had been completed. HPV DNA was isolated using the phenol-chloroform method (Sambrook and Russell, 2000) . DNA integrity control was measured by beta-globin gene amplification, using the following pair of primers: PC04 (CAACTTCATCCACGTTCACC) and GH20 (GAAGAGCCAAGGACAGGTAC). HPV DNA detection was performed by polymerase chain reaction (PCR) with consensus and degenerated primer MY09/11, which amplifies a fragment of the L1 gene of several HPV types. The PCR was performed in a final volume of 20 µL containing 150 ng DNA, 1 mM MgCl 2 , 50 µM each dNTP, 0.65 µM specific primers, 1 U Taq DNA Polymerase and 1X buffer. The target DNA sequence was amplified by initial denaturation at 95°C for 4 min followed by 35 cycles of denaturation at 94°C for 30 s, annealing at 56°C for 30 s, elongation at 72°C for 30 s, and a final extension at 72°C for 4 min. The final PCR product was run through a 2.0% agarose gel.
HPV genotyping
The PCR products were purified using the isopropyl/alcohol method (Sambrook and Russell, 2000) . Positive HPV DNA samples were sequenced using a BigDye TM Terminator kit and an ABI PRISM TM 310 Genetic Analyzer version 3.1 (Applied Biosystems, Foster City, CA, USA), according to the manufacturer recommendation. HPV genotyping was classified based on sequence homology compared with sequences included in the GenBank database. Sequence homology was determined with BLAST and ClustalW (Tamura et al., 2011) software packages.
Statistical analysis
The chi-squared test of independency was used to assess correlation between putative risk factors (age, use of contraceptive, previous STD, number of sexual partners, and nulliparous status), and clinical cytology findings. P values less than or equal to 0.05 were considered statistically significant. All statistical analyses were performed using PASW statistics 18.
RESULTS
Characteristics of the study population
We analyzed data from 515 women, of which 132 presented normal cytology (25.63%), 100 had abnormal cytology (ASCUS, LSIL, HSIL; 19.41%) and 283 showed cervical inflammation (54.95%). The mean ages of women in the normal, abnormal, and negative for intraepithelial lesions groups were 32.5, 31.5, and 32.2 years, respectively. Within the abnormal cytology group, 86 women (16.69%) were treated in a public health center, while 14 patients (2.71%) were treated in a private health center. Thirty-one patients with abnormal cytology (31%) were diagnosed with ASCUS, 17 (17%) with HSIL, and 52 (52%) with LSIL. Within the negative for intraepithelial lesions group, 202 (39.22%) patients were treated in a public health center and 81 (15.73%) were treated in a private health center. In the normal cytology group, 51 women (9.90%) were treated in a public health center and 81 (15.72%) in a private health center.
Distribution of HPV types
PCR followed by direct sequencing identified HPV DNA in 111 (21.55%) patients. The prevalence of HR HPV infection in the study population was 10%, while 8.5% were infected with low-risk HPV. We identified 20 HPV genotypes: 6, 11, 16, 31, 33, 35, 39, 52, 53, 54, 58, 61, 62, 66, 70, 72, 81, 82, 83, and 84 (Figure 1 ). HPV genotypes 6, 16, 58, and 70 were the four most common types detected in the cervical samples.
Risk factors, cytological findings, and HPV DNA
There was no association between a patient's age and the cytology group (P = 0.563; Table 1 ). However, previous STD (P = 0.0002), contraceptive use (P = 0.032), and number of sexual partners (P = 0.00006) were significant within the abnormal cytology group (Table  1) . Stratified analyses showed no association between the presence of HPV infection and age (P = 0.060), previous STD (P = 0.091), or nulliparous status (P = 0.677; Table 2 ). However, associations were observed between the positive HPV group and the use of contraceptives (P = 0.015), the number of sexual partners (P = 0.002), colposcopy (P = 0.0001), and cytological findings (P = 0.008; Table 2 ). Figure 1 . Percentage of human papillomavirus (HPV) in normal, abnormal, and negative for intraepithelial lesions in smears of women from Alagoas State, Northeast Brazil. The figure shows the high frequency of HPV16 (22.52%), followed by HPV58 (14.41%), HPV70 (9.91%), HPV6 (7.21%), HPV61 (4.50%), HPV11 (3.60%), HPV33 (3.60%), HPV53 (3.60%), HPV62 (3.60%), HPV84 (3.60%), HPV66 (2.70%), HPV81 (2.70%), HPV31 (1.80%), HPV52 (1.80%), HPV54 (1.80%), HPV72 (1.80%), HPV35 (0.90%), HPV39 (0.90%), HPV82 (0.90%), and HPV83 (0.90%) genotypes.
*Statistically significant. 
DISCUSSION
In this study, we provided information on HPV genotype distribution among women who underwent cervical cancer screening for abnormal smears in the state of Alagoas, Northeast Brazil. A quarter of the study population were infected with HPV DNA, and 10% were infected with HR HPV. The most prevalent HR HPV genotypes detected were 16, 31, 33, and 58, which is consistent with the global data (de Sanjose et al., 2010) .
Although many sexually active women are infected with HPV, few develop cervical cancer (Woodman et al., 2007) . This study showed an association between abnormal cytology and oral contraceptive use, number of sexual partners, and previous STDs. When patients were stratified by HPV samples, we observed an association between HPV positivity, the use of contraceptives, and the number of sexual partners. The results of this study corroborate previous findings from other studies that have shown a link between the use of contraceptives and HR HPV infection (Finan et al., 2002; Au, 2004; Chagas et al., 2013; Amaral et al., 2014) . Therefore, our results suggest that behavioral factors might have an impact on the status of cervical cytology in our study population.
Several investigations have been carried out on the prevalence and distribution of HPV in different regions of Brazil (Villa et al., 2000; Sichero et al., 2007; de Medeiros Fernandes et al., 2008; Baldez da Silva et al., 2009; Fernandes et al., 2009 Fernandes et al., , 2010 Castro et al., 2011; Oliveira-Silva et al., 2011; Freitas et al., 2014; Chagas et al., 2015; Gurgel et al., 2013 Gurgel et al., , 2015 . The results of these studies have shown divergent HR HPV genotype distribution, although most have pointed to HPV16 as the most frequent type (with the exception of the study developed by Chagas et al., 2015) . The results of the present study suggest that HPV genotypes 16, 31, 33, and 58 are the most widespread types in the State of Alagoas. The HR HPV types reported in this study are alpha-9 species. It should be noted that a recent study showed that bivalent vaccines (Cervarix, GlaxoSmithKline Biologicals, HPV16/18) and quadrivalent vaccines (Gardasil, Merck, HPV/6/11/16/18) can confer cross-protection against non-targeted HPV types such as HPV genotypes 31, 33, and 45 (Hildesheim et al., 2001; Combita et al., 2002; Khan et al., 2008; Lehtinen et al., 2012; Malagón et al., 2012; Goldstone et al., 2013; Kavanagh et al., 2014; Tabrizi et al., 2014) . Therefore, it is reasonable to suppose that bivalent and quadrivalent vaccines would protect women from the three most frequent HPV types found in the State of Alagoas. Indeed, the alpha-9 HPV species are phylogenetically related to HPV16, and for that reason, it could share epitopes that induce cross-reactivity. However, there is no cross-protection in bivalent or quadrivalent vaccines against other alpha-9 HPV species, notably HPV58 . Recently, the U.S. Food and Drug Administration approved a 9-valent vaccine (Gardasil 9), which can protect against HPV genotypes 6, 11, 16, 18, 31, 33, 45, 52, and 58 . Therefore, Gardasil 9 could be a useful option for women from Northeast Brazil requiring protection against HPV58.
In conclusion, this study provides data on the prevalence of HPV genotypes, as well as risk factors among women with abnormal cytology in Northeast Brazil. These findings may be relevant to the design of screening and vaccination strategies targeting specific groups of women.
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